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•! We fit the K+ production ratio, defined as the ratio between the measured 
number of K+ produced at the target and the Beam MC prediction: 

 
 
 
 

•! Measurement is done using three samples (slightly different K+ kinematics): 

•! Neutrino 
•! Antineutrino 
•! Neutrino + Antineutrino 
  

R
K+

Prod =

d 2!
dpd! MC

d 2!
dpd! Data

d 2!
dpd! MC

= (6.303± 2.017)mb / (GeV / c" sr)
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d 2!
dpd!

"+"

= 5.34± 0.76 mb/(GeV/c x sr) @ E
K+ = 3.9GeV and #

K+ = 0.06rad

d 2!
dpd!

"

= 5.77± 0.83 mb/(GeV/c x sr) @ E
K+ = 3.8GeV and #

K+ = 0.07rad

d 2!
dpd!

"

= 3.18±1.94 mb/(GeV/c x sr) @ E
K+ = 4.3GeV and #

K+ = 0.05rad

d 2!
dpd! MC

= (6.303± 2.017)mb / (GeV / c" sr)

R
K+
=

d 2!
dpd! MC

d 2!
dpd! Data

= 0.848± 0.120
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= 5.34± 0.76 mb/(GeV/c x sr) @ E
K+ = 3.9GeV and "

K+ = 0.06rad
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%Jg6)L# da"Wgdb# TW"bgJa# Sa"KgaX#
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4G#5&)6+78)(# c"Xcoc"cboc"TK# c"aaoc"TJoc"KT# c"Waoc"cboc"TT#

%Jg6)L# dc"Sgdb# Ta"agJS# bW"Xgaa# Value of the %2/dof shows a 
better agreement with 

NEUT as it can be see in 
the next slide 
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Looking for                            like in the MiniBooNE experiment 
 
  
 
 
 
 
 
Oscillation signature is charged-current quasi-elastic scattering: 
 
•! Dominant backgrounds to oscillation: 
 

•! Intrinsic !e in the beam 
     " ! µ! !e  
     K+ ! "0e+!e, K0 ! "0e±!e 
 
•! Particle misidentification in detector 

•! Neutral current resonance: 
 " ! "0 ! && or ' ! n&, mis-ID as e 

 
 

!µ !!e
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p+Be! K + + X

We need a parameterization to describe inclusive 
production of secondary K+ mesons in proton-
Beryllium collision for experiment with low primary 
beam momentum. 
 

The parameterization is based on Feynman 
scaling in which the invariant cross section 
is described as a function of transverse 
momentum, pT , and a scaling variable  

xF =
p||
CM

p||
CMmax

depends upon the particle being produced and it is 
derived from exclusive channel 

E d
3!
dp3

= AF xF, pt( )! d 2!
dpd"

=
p2

E
E d

3!
dp3

=
p2

E
AF xF, pt( )
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JO'(,'S,-*=E*;&"30.9"#*3'%'*
For this plot, the data from each data 
set is converted first to xF and pT and 
then scaled to pK

8.89 and #K
8.89 for a 8.9 

GeV/c beam momentum.  
 
For example, given a cross section 
point at pBEAM=20 GeV/c with a 
given pK and #K, one can calculate the 
xF and pT for this point. One can then 
find the equivalent p#K and ##K that 
would have the same xF and pT at 
pBEAM=8.9 GeV/c. 
 

As seen from the plots, the data 
appears to obey the scaling 
hypothesis reasonably well 
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d 2!
dpd!

=
pK
2

EK

"

#
$

%

&
'c1 ( exp c3 xF

c4 ) c7 pT ( xF
c6 ) c2pT ) c5pT

2*
+

,
-

For the xF dependence this kind of 
term is needed to have a flat 
rapidity plateau around xF=0: 

exp(-a|xF|b) 

The expectation of a limited pT 
range is provided by including 

exponential moderating factors 
for powers of pT 

Allow some coupling between 
the xF and pT 

with d
2!

dpd!
= 0  for   xF >1
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•! i is the (pK,#K) bin index,  
•! SF is the scaling function prediction evaluated at 

the given (pBEAM, pK,#K),  
•! Datai is the measurement at pBEAM, pK,#K, 
•! (i is the data error for measurement i,  
•! f is the scaling factor to bring the %2/d.o.f. = 1,  
•! Nj is the normalization factor for experiment j,  
•! (2

Nj is the normalization uncertainty for experiment j 
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Adding SciBooNE measurement to the fit as 

d 2!
dpd!

= 5.34± 0.76 mb/(GeV/c x sr) 

E
K+ = 3.9GeV and "

K+ = 0.06rad
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•! The Feynman Scaling model prediction of K+ production at 8.9 GeV has been 
validated in two different ways: 
•! Model prediction is in agreement with the SciBooNE measurement 
•! SciBooNE measurement is now included in the list of data sets used for the 

Feynman Scaling fit 
 
•! The SciBooNE measurement helps reducing the error assumed by the MiniBooNE 

collaboration on the K+ production at the BNB from 32% to 9% 

•! SciBooNE experiment provide also a K+ rate measurement defined as the K+ 
production at the proton target times the neutrino cross-sections: 

 
•! Can be used directly by MiniBooNE to constrain the intrinsic !e background 

from K+  

•! Can’t be used by experiments with target material different from C because of 
the dependence on neutrino target (neutrino/antineutrino cross-sections on C) 
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Looking for 
 
  
 
 
 
 
 
Oscillation signature is charged-current quasi-elastic scattering: 
 
•! Dominant backgrounds to oscillation: 
 

•! Intrinsic !e in the beam 
     " ! µ! !e  
     K+ ! "0e+!e, K0 ! "0e±!e 
 
•! Particle misidentification in detector 

•! Neutral current resonance: 
 " ! "0 ! && or ' ! n&, mis-ID as e 

 
 

Including the new K+ measurement by 
SciBooNE in the Feynman Scaling fit reduced 
the MiniBooNE error on !e from K+ from 32% 
to 9%. 
 
(32% error included the cross-section 
uncertainties, normalization problems for few 
of the data sample used in the Feynman 
scaling fit prior SB, an extrapolation error from 
high to lower pBEAM) 

!µ !!e
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